The global incidence of malnutrition has seen a decreasing trend. However, it continues to remain a serious concern in Africa, where people are dependent on rain-fed agriculture and suffer from unstable climate that governs the crop yield. To prevent malnutrition, it is a prerequisite to consume proteins and amino acids, major components of the human body, in addition to grains as an energy source. Nevertheless, the Dirashe people in the semiarid region in Africa manage to maintain health, despite the fact that they are almost entirely dependent on local liquor made of sorghum (Sorghum bicolor) and maize (Zea mays) for their nutritional intake.
Introduction
The total world population is estimated to increase from the current 6 billion to 10 billion by 2050 [1] and a rapid increase has been observed, particularly in Africa, Asia, and Latin America. In these regions, people suffer from problems with regards to "food production, access to food, water scarcity, and nutritional disorders/ malnutrition" and over 800 million people living in developing countries have been reported to be undernourished, owing to inadequate food availability [2] . Globally, malnutrition is particularly severe among children under five years old and 30% of these children are underweight. If born with low birth weight, these children are more likely to suffer from child malnutrition and premature death [2, 3] . According to the estimate by Food and Agriculture Organization (FAO) in 1996, the malnourished population would decrease to 680 million by 2010, mainly in Asia, but it would continue to increase in the Sub-Sahara Africa [4, 5] . The status quo in 2016 attests to this estimate, and the food supply remains to be stabilized in Africa.
Human beings are required to be consistently supplemented with nutrition to sustain life and maintain a healthy metabolism. For this, it is necessary to consume food with nutrients such as carbohydrate, Page -02 ISSN: 2332-4104 water, together with a simmered bean dish called maharage or tomato soup with vegetables [8] . In West Africa, people eat too, porridge-like dish made of peal millet and sorghum flour, which is cooked in the same manner with ugari, or couscous as a stable food [8] . To make couscous, first, pearl millet and sorghum flour are mixed with a small amount of water and rolled using hands in a halved gourd to make small pellets; next, these small pellets are shifted and steamed in a food steamer. These stable foods are always accompanied by a sauce made of ladyfinger (Abelmoschus esculentus) or a soup of vegetables or beans [8] . These traditional meals of African people are excellent in maintaining nutritional balance.
However, the unstable climate in most areas of Sub-Saharan Africa results in an unstable crop yield as well [12] , thereby leading to an unbalanced nutrition intake by local inhabitants. About 70% of the African continent is located either in the arid region with an average annual precipitation rate of 100-500 mm or in the semiarid region with a rate of 500-1,000 mm [13, 14] . These arid and semi-arid regions not only suffer from scarce rainfall but also spatial and temporal differences in rainfall [15] . The year-to-year differences in rainfall are large and, in some regions, the precipitation rate varies in units of several decades. African people rely on rain-fed agriculture and their food security, therefore, can be largely impacted by the regional climate and weather [16, 17] . These arid and semiarid lands regularly suffer from a shortage of rainfall and its consequential and serious draught [18] . As a result, people suffer from malnutrition, despite the aforementioned excellent food culture.
On the other hand, the Dirashe people, living in the semiarid Dirashe region in southern Ethiopia, drink fermented cereal liquor called parshot as their staple food. This liquor is prepared by mixing and alcohol-fermenting sorghum and maize with small quantities of dried and powdered leaves of moringa (Moringa stenopetala) 13 or Ethiopian kale (Brassica carinata). These people rarely consume any other kind of food [19] ; they rarely eat meat, dairy products, and beans rich in protein and essential amino acids in their daily life, and only get to eat beef or goat meat several times a year on occasions such as wedding ceremonies or new year celebrations. They normally satisfy their appetite by drinking large quantities of parshot; however, they drink a white-colored alcoholic beverage called nech chaka produced by the alcohol-fermentation of only sorghum and maize, or kalala, which is low in alcohol concentration, in severe dry seasons when plant leaves used for parshot are scarce [19] . They also consume solid food such as cereal dumplings called hawarata made of sorghum and maize and unleavened bread called rakot, but in very small quantities. Hence, a case of malnutrition leading low immunity and poor concentration is barely observed in the region.
Globally, it is extremely rare to observe people who hardly take in protein sources and, furthermore, take in almost all of the nutrients from cereal grains, like the Dirashe people do. Moreover, their consumption of alcoholic beverages as a staple food makes their food culture more unique. It is of great importance to examine their nutritional status, with a view to improving the general nutritional status of human beings and discussing the history of food culture. This article investigates why the Dirashe people are not undernourished, despite the fact that they are almost entirely dependent on alcoholic beverages such as parshot for their nutrient intake, focusing on their nutritional value and the amount of intake. The results could be subsequently analysed to understand how such a unique culture of drinking was developed.
Methods

Research field and period
A total of 10 months (January to March and June to August 2009, January to February 2011, December 2011 to January 2012) was spent in a village called 'W'. Participant observation and interviews regarding the brewing process of alcoholic beverages and food content were conducted during the stay.
Samples
For measuring nutritional value, sorghum, maize, parshot, kalala, and nech chaka were collected as samples and brought back to Japan. Brewing parshot and nech chaka requires a certain time for the growth of yeast mash; for nech chaka, yeast mash undergoes alcohol fermentation at the latest on the second day, but for parshot, yeast mash is preserved for two days to two weeks before the process of alcohol fermentation ( Figure 1 ). Two types of parshot sample were collected out of the types commonly available at the time in 'W' village. Both were one-day-old after the brewing process was completed, but with different durations of preservation of yeast mash prior to alcohol fermentation; one was preserved for two days and the other for five days. The first sample was then diluted 1.3 times with water, and the second sample diluted double with water; these samples are hereinafter referred to as parshot 1 and parshot 2, respectively. Well water was used for preparing and diluting the alcoholic beverages in this area. People drank kalala as it was without diluting, but nech chaka was doubly diluted with water. Therefore, undiluted kalala and nech chaka, which was diluted double with water, were collected as samples and analysed. The details of sample preparation are shown in Table 1 . These samples were put in a heatresistant container and double-boiled at 60 degrees for 30 minutes to stop further fermentation and then frozen. In order to evaluate the nutritional value of these three samples, calories (kcal), protein (g), essential amino acid (mg), and Alcohol (g) contents per 100 g were measured. Additionally, calories (kcal), carbohydrate (g), protein (g), and essential amino acid (mg) per 100 g of sorghum and maize were also measured in order to compare the amino acid score of these three samples.
Analysis
All these analyses were outsourced to Japan Food Research Laboratories (JFRL). At JFRL, calories were calculated with the quantity of carbohydrate content, protein content, fat content, water content, ash content, dietary fiber content and alcohol content. The methods used for analysing the contents are as follows: ash content by Direct ashing method, vehicle dry weight and moisture content estimation by Loss on drying under reduced pressure method, protein content by Kjeldahl method, fat content by Soxhlet extraction method, alcohol content determination by Dichromate oxidation method, dietary fiber content by Enzymatic-gravimetric method, carbohydrate content by calculation and essential amino acids by Amino acid automatic analysis. The following are details of analysis.
Ash content determination: Direct ashing method:
The sample (1.0-5.5 g) was collected and subjected to preliminary ashing at 550 °C for five hours, followed by cooling the sample in a silica gel desiccator and weighing it. The ash content was calculated using the formula described below.
Ash content (g/100 g) = weight (g) / amount of collected sample (g) × 100
Vehicle dry weight and moisture content estimation: Loss on drying under reduced pressure method: The sample (1.6-4.8 g) was collected and weighed in a glass weighing dish with silica sand, dried sufficiently at 55 °C, and subjected to a final round of drying for five hours at 70 °C. Next, it was cooled in the silica gel desiccator and the subsequent weight was estimated. Moisture content in the sample was calculated from the titer as described below.
Moisture content (g/100 g) = {[glass weighing dish and silica sand (g) + sample (g)] − vehicle dry weight (g)} / sample (g) × 100
Protein content determination: Kjeldahl method: Firstly, 2.9-3.6 g of sample was taken in a Celtic tube. Next, it was subjected to pyrolysis using 15 ml of concentrated sulfuric acid and 10 g of degradation accelerator (prepared by mixing copper sulfate and potassium sulfate in a 1:9 [by volume] ratio) at 420 °C for 90 minutes. After it was cooled to room temperature (about 15-30 °C), 80 ml of water was added, following which the sample was heat-distilled with 60 ml of 40% sodium hydroxide and titrated against the standard solution of 0.05 mol/L sulfuric acid. The total protein content in the sample was calculated from the titer using the following equation.
Total protein (g/100 g) = titer (mL) × F × 0.0014 × CF × 100 / amount of collected sample (g) F = factor of 0.05 mol/L standard solution 0.0014 = nitrogen in 1 mL of 0.05 mol/L sulfuric acid (g) CF (conversion factor from nitrogen to protein) = 6.25 for mixed food. Table 3 : Calories (kcal) and alcohol (g) content per 100 g.
Fat content determination: Soxhlet extraction method: In this
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ISSN: 2332-4104 procedure, 7.1 to 10.6 g of sample was collected and dissolved in 100 ml of water. To this, 10-15 mL of 7% copper sulfate solution and 10-15 mL of 10% sodium hydroxide solution were added, and the mixture was filtered, washed, and dried. Ether extraction was carried out for over 16 hours until it was completely extracted. Further, the sample was collected in a bottle and the ether was evaporated in a warm bath. Next, it was dried at 105 °C for an hour, cooled for 30 minutes inside a desiccator, and weighed to accuracy in a fine weighing balance (AX205, XP204). The total fat content present in the sample was calculated from the titer as described below.
Total fat (g/100 g) = weight (g) / amount of collected sample (g) × 100
Alcohol content determination: Dichromate oxidation method: Precipitated calcium carbonate (1 g) and water (150 ml) were added to 1.0-2.5 g of the sample. This was followed by steamdistillation, from which stationary liquid was collected and diluted to 100 ml by addition of water.
To 5-10 ml of the test liquid, 5-10 g of 1/30 mol/L potassium dichromate solution and 10 mL of concentrated sulfuric acid were added and mixed, and the mixture was incubated for an hour at room temperature (about 15-30 °C). Later, 100 ml of water and 5 ml of 10% iodine-potassium iodide solution was added, followed by addition of 1% starch indicator. This was titrated using 1/20 mol/L sodium thiosulfate solution until the color of the liquid turned light blue. As a control, a similar procedure was carried out for the blank sample: 10 ml of water (a). The total alcohol content in the sample was calculated using the following equation. Dietary fiber content determination: Enzymatic-gravimetric method: In this procedure, 5 g of sample was taken in a 500 mL beaker. To this, 0.05 M phosphate buffer (pH 6.0) was added until a total volume of 50 mL was achieved. Further 0.1 mL of termamyl (120 L stock) was added, and the mixture was incubated in a boiling water bath for 30 minutes. After it was cooled to room temperature (about 15-30 °C), the pH was adjusted to 7.5±0.1 by addition of 10 mL of 0.275 mol/L sodium hydroxide solution, after which it was subjected to proteolytic digestion by adding 0.1 mL of protease (50 mg/mL phosphate buffer). The reaction was incubated in a 60 °C water bath for 30 minutes. After it was cooled to room temperature (about 15-30 °C), the pH was adjusted again to 4.3±0.3 by addition of 10 mL of 0.325 mol/L hydrochloric acid. Next, 0.1 mL of amyloglucosidase enzyme was added to the reaction mixture, which was similarly incubated in a 60 °C water bath for 30 minutes. Subsequently, four times the volume of 95% ethanol (60 °C) was added to the reaction and cooled to room temperature (about 15-30 °C). The mixture was suction filtered using a glass filter followed by three washes wherein the first wash was carried out thrice using 20 mL of 78% ethanol. Second and third washes were repeated twice, using 10 ml of 95% ethanol and acetone, respectively. The residue was dried at 525 °C overnight, cooled, and weighed (R1 and R2).
Of the two residues (R1 and R2), R1 was used for analysis of ash content (A) by the ashing method and R2 was taken up for estimation of protein content (P) by the Kjeldahl method. Total dietary fiber content in the sample was determined by applying the following equation. Concentration process and analysis: From a total volume of 100 ml, 10 ml was fractionated, concentrated, dried by decompressing and heating, and finally dissolved in 10 ml of sodium citrate buffer (pH 2.2). This was loaded into the automatic amino acid analyzer to estimate the total amino acid content.
Dilution process and analysis: Similarly, another 10 ml was fractionated to which sodium citrate buffer (pH 2.2) was added up to a final volume of 20 ml. The sample was analyzed in the automatic amino acid analyzer.
Tryptophan estimation: High-speed liquid chromatography:
To 1 g of the collected sample, 4.5 ml of water and 0.5 ml of 60% thiodiethylene glycol were added. After the mixture was dissolved by heating, it was deaerated, collected in a sealed tube, and hydrolyzed for 12 hours at 110 °C. Next, its pH was made neutral by adding 20% hydrochloric acid, and later adjusted to a slightly alkaline pH by the addition of 3 mol/L sodium hydroxide solution until a 50 ml volume was achieved. The levels of tryptophan amino acid were estimated by high-speed liquid chromatography. was added to 1 g of the sample, which was then hydrolyzed for 12 hours at 110 °C, and later made up to a final volume of 100 ml. From this, 10 ml was fractionated and the pH was adjusted by the addition of sodium citrate buffer (pH 2.2) to a final volume of 20 ml. The levels of methionine amino acid present in the sample were analyzed using automatic amino acid analyzer.
Calories calculation:
The calculation for calories is as follows.
Calories (kcal) = protein content (g) × 4 + fat content (g) × 9 + carbohydrate content (g) × 4 + alcohol content (g) × 7
Dietary survey
Furthermore, meal contents of five households in 'W' village were observed and recorded for one week in order to understand their intake of parshot. This sample group consisted of both males and females of different age groups; 11 below 10 years old, eight in their teens, five in their twenties, four in their thirties, two in their forties, two in their fifties, two in their sixties, and two in their seventies. The daily intake of parshot, nech chaka, and kalala (kg) by a male Dirasha 'A' was measured and recorded, as he was to consume each liquor type as main meal for one week each.
Overview of research field site
The research field is a village called 'W' in Dirashe special worenda, which is located approximately 550 km southwest of Addis Ababa, the capital of Ethiopia (Figure 2 ). The 2008 statistical data of the Health Ministry of Dirashe special worenda shows that Dirashe special worenda has an area of 1,500 square kilometers with a population of approximately 130,000, most of which is inhabited by ethnic Dirashe people. This area consists of the slope of Mount Gadolla with an elevation of 2,561 m and Segen valley plateau at about 1,000 m above sea level, which stretches below Mount Gadolla. On the slope of the mountain massif and valley plateau area, ridges and terraces are made with stones and plant residues where staple crops such as sorghum and maize are cultivated. Around the mountaintop area, the climate is relatively cool/cold and humid, owing to continuous rainfall throughout the year; the average annual precipitation rate is 1,300 mm. However, most areas of Dirashe special worenda, including 'W' village, are located in the semiarid land, where the climate is dry with an average annual rainfall of 800 mm in two rain seasons in a year. The highest and lowest temperatures are 31 degrees and 17 degrees, respectively.
The Dirashe people consume the fermented alcoholic beverage parshot, most of the year. The brewing process of parshot is complicated (Figure 1 ). First, sorghum and maize flours are mixed with a small amount of dried and powdered moringa or Ethiopian kale leaves and kept for two to three months, during which lactic acid fermentation occurs. Next, it is heated to be gelatinized with sorghum flour or a mixture of sorghum and maize flour and water. Finally, powdered germinated seeds of grains such as sorghum, maize, barley (Hordeum vulgare), and wheat (Triticum aestivum) are added to promote saccharification and alcohol fermentation ( Figure 1 ) [19] . During the short dry season in January and February, in which moringa and Ethiopian kale do not bear leaves, people brew cereal liquors called nech chaka and kalala and drink these, instead of parshot, as a staple food. The brewing process of nech chaka is similar to that of parshot (Figure 1 ). Sorghum and maize flours, first, go through lactic acid fermentation for one month, then are heated and gelatinized, followed by saccharification and alcohol fermentation by adding a powder of germinated seeds [19] . Kalala is made by heating and gelatinizing sorghum and maize flours, followed by saccharification and alcohol fermentation by adding powered germinated seeds ( Figure 1 ) [19] . Two types of solid diet are also consumed by the Dirashe people. Sorghum flours are rolled into ball-shapes and boiled with moringa leaves; this is called hawarata. Page -06
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The other is called rakot, a disk-shaped bread, made by lactic acid fermentation of sorghum flour. These solid foods are an important source of nutrients for children below 10 years old, but the amount of intake in adults is very small; adults only snack on them in the morning and evening, together with parshot.
Results
Intake of fermented cereal liquors
Observation of the participating adults revealed that they do not consume much of solid food such as hawarata and rakot and only snack on them along with parshot, whereas children under 10 years of age are dependent on them as a principle source of energy. Specifically, adults eat hawarata and rakot in the mornings and evenings of the agricultural off-season and in the mornings of the busy season. Apart from this, they almost solely drink parshot and hardly eat or drink other kind of foods. The size of hawarata is about that of the first joint of the thumb, and local people in their late teens eat 6 to 21 pieces of hawarata per a meal. Adults consume parshot not only as a staple food, but also as a beverage; therefore, they drink parshot when they feel thirsty as well. Thus, the amount of intake of parshot is very large.
As stated above, the intake of parshot, nech chaka, and kalala per day by a Dirashe male 'A' in 'W' village was measured ( Table 2) . He is 31 years old, his weight is 70 kg, and height is 178 cm. His intake of each alcoholic beverage was recorded for 1 week. On average, in a day, he consumed 5 kg of parshot, regardless of whether it was parshot 1 or parshot 2, 3 kg of kalala without dilution, and 4 kg of nech chaka that was double-diluted with water.
Although the alcohol concentration of undiluted kalala and diluted parshot and nech chaka is not high, the intake of alcoholic content by Dirashe people is rather large because they drink large quantities of the liquors every day. They prefer parshot to other types of liquor and its amount of intake is the largest. In 'W' village, one female drinks, on average, 7 kg of parshot every day.
Daily intake of calories from fermented cereal liquors: Calorie
Calories contained per 100 g (wet weight) of each liquor are given in Table 3 . Based on these values, it was calculated that the Dirashe male 'A' partakes 3,400 kcal from parshot 1, 5,450 kcal from parshot 2, 1,230 kcal from kalala, and 4,760 kcal from nech chaka, when consumed as staple food.
The male 'A' works in the agricultural field 6 days a week during the busy farming season and 2 to 3 days a week during the off-season. The recommended daily calorie intake for him can be calculated based on the Harris Benedict Equation (1919) [20] . Based on these numbers, a daily basal metabolism of male 'A' who is engaged in heavy physical labor is 1,704.20 kcal.
Secondly, his exercise level factor is calculated based on this BMR. The exercise level factor is equal to BMR × 1.375 when a test body is engaged in physical labor for 1 to 3 days a week, and BMR × 1.725 when engaged in physical labor for 6 days a week. Therefore, the exercise level factor of male 'A' can be calculated as BMR × 1.375 during the off-season and BMR × 1.725 during the busy farming season. Then, the recommended daily calorie intake is 2,965.62 kcal during the busy farming season and 2,343 kcal during the off-season, according to the following formula:
Daily calorie intake = Exercise level factor × 66 + {(13.7 × Weight [kg]) + (5 × Height [cm]) -(6.8 × Age [yr])} However, calories per 100 g of kalala are as low as 44 kcal and people can only eat up to 3 kg of kalala in a day. Therefore, regardless of the season, it is difficult to take all the necessary daily calories from only kalala. On the other hand, 4.36 kg of parshot 1, 2.72 kg of parshot 2, and 2.5 kg of nech chaka are able to provide the recommended daily calories during the busy farming season. Since less calories are required during the off farming season, 3.45 kg of parshot 1, 2.15 kg of parshot 2, and 1.97 kg of nech chaka are adequate.
Daily intake of nutrients from fermented cereal liquors: Protein
Protein contained per 100 g (wet weight) of each liquor is given in Table 4 . This means that male 'A' consumes 85 g of protein from parshot 1, 165 g from parshot 2, 39 g from kalala, and 104 g from nech chaka in a day.
Ideally, one should partake 1 gram of protein per pound 13 of body weight [21] , but this is difficult to achieve. People engaged in intense exercise or heavy physical labor typically require more protein compared to those with less physical activity. The latter need 0.5 to 0.65 g of protein per pound of body weight or 1.2 to 1.4 g per kilogram body weight [22, 23] . Elderly people also require a substantial amount of protein-more than 50% of RDA (recommended dietary allowance) or 0.45 to 0.6 g per kilogram of body weight [24, 25] . The recommended daily protein intake for a muscular male 'A' (weight 70 kg) who is engaged in heavy physical labor, therefore, could be calculated according to the following formula: 70 (kg) × 1.2 to 1.4 = 84 g to 98 g.
If kalala is consumed as a staple food, the total intake of protein is only 39 g and not sufficient to meet the recommended intake per day. On one hand, when nech chaka is taken as staple food, it is possible to take 104 g of protein in a day; this fulfils the minimum recommended intake shown above. On the other hand, parshot 1, when taken as a staple food, supplements 85 g of protein; this meets the minimum recommended daily intake but not the maximum. However, parshot 2 can provide 165 g of protein because the proliferation of yeast mashes progresses more compared to that in parshot 1, which, as a result, increases protein content slightly. Furthermore, ingestion of protein in parshot 2 is the most efficient among all these alcoholic beverages, and thus, the intake of 2.50 to 2.96 kg a day can supply more protein than the recommended daily intake.
Daily intake of nutrients from fermented cereal liquors: Essential amino acids
In general, the lysine content of cereal grains is the least amongst all the essential amino acids [11] . Lysin contained per 100 g (wet weight) of each liquor is given in Table 4 . Based on these quantities, it can be calculated that male 'A' partakes 2,500 mg of lysine from Page -07 ISSN: 2332-4104 parshot 1, 4,650 mg from parshot 2, 1,380 g from kalala, and 2,960 g from nech chaka daily.
FAO and WHO have set the recommended daily lysine intake as 2,100 mg for a male weighing 70 kg in his thirties (like male 'A') [26] . While the lysine content in kalala is low and insufficient to meet the recommended intake per day, parshot and nech chaka can supply more than the recommended intake when consumed as staple food.
Improving nutritional value by alcohol fermentation: Amino acid score
Amino acid score is a parameter for protein quantity, calculated by comparing the essential amino acid profile (mg) contained in a gram of nitrogen 13 from food protein to the standard essential amino acid profile (mg) in a gram of nitrogen from body protein, and then using an essential amino acid with the lowest content ratio as a standard evaluation value. If the amino acid score is less than 100, the tested food is said to be deficit in the essential amino acid. Among the essential amino acids, one with the least content ratio is called the first-limiting amino acid [26, 27] .
In this study, lysine functioned as the first-limiting amino acid in every sample ( Table 4 ). The essential amino acids contained per 100 g of each of sorghum and maize, main ingredients for parshot 1, parshot 2, kalala, and nech chaka, were quantified. The amino acid scores obtained were 35.5% for sorghum, 37.1% for maize, 51.1% for parshot 1, 48.9% for parshot 2, 61.4% for kalala, and 49.9% for nech chaka.
The amino acid scores were lower than that of high-quality protein contained in meat, fish, dairy products, and egg. It is notable, however, that the alcohol fermentation process increases lysine content in these liquors in comparison to that in their ingredients, sorghum and maize, and thus improves their amino acid scores as well (Table 3 ).
Conclusion
Diverse food cultures have developed around the world. In most cultures, people consume carbohydrates contained abundantly in grains such as barley, wheat, rice, sorghum, maize, finger millet, and pearl millet, potatoes such as Solanum tuberosum, taro and yam, and bananas, used as staple food. Moreover, other nutrients are supplemented by side dishes made of meat, vegetables, and beans. It is particularly important to take in meat, dairy products, and beans that contain an abundance of protein and amino acids, which constitute the human body.
However, the Dirashe people rarely consume such protein sources. They drink parshot as a staple food, which is made of sorghum and maize flours and a small amount of powdered moringa and Ethiopian kale leaves, and eat only a small quantity of solid food such as hawarata and rakot in mornings and evenings. It should be noted that the ingredients of these solid foods are the same as that of parshot-sorghum, maize, and a small quality of moringa. This indicates that the Dirashe people partake most nutrients from fermented sorghum and maize. However, similar to that in other 13 Nitrogen is one of the components of protein. The average nitrogen content Nitrogen is one of the components of protein. The average nitrogen content of protein is 16%, meaning that it is required to take in 6.25 g of protein so as to partake 1 g of nitrogen (Yamaguchi, 1987) . cereal grains, protein contained in sorghum is very low in lysine content [10, 28, 29] . The lysine content in maize is far less than that sorghum [10, 11, 30] which causes the quality of protein to be poor. Nevertheless, the Dirashe people do not have poor physical health due to malnutrition and many live longer than 70 years. The reasons behind this may be that the Dirashe people consume parshot in large quantities and the nutritional value of cereal grains is improved by alcohol fermentation.
Only a small number of tribes consume liquor as a staple food. Some examples are the Konso people in southern Ethiopia who drink cereal liquor called chaka [31] [32] [33] and the Manon tribe in southern Guinea who seasonally consume palm liquor as their staple food [34] . The Konso people live in the Konso region adjacent to the Dirashe region, and they descended from the Oromo ethnic group, similar to the Dirashe people. These two tribes share common aspects such as subsistence, culture, society, and language [35] . However, the Konso people also cultivate a variety of crops, including grains such as barley and wheat, potatoes, beans, and vegetables, on stone terraces cut out of the steep hillsides, in addition to sorghum, maize, and moringa [31] [32] [33] . They drink chaka as the staple food twice out of four meals a day, but also consume tuber and grain dumplings as main dish and beans and vegetables as side dish for the other two meals [32, 33] . The Manon people living in the tropical rainforest area in southern Guinea drink approximately 0.8 liters of palm liquor per day when it is in season, which enables them to obtain 336 kcal. However, this is not their year-round dietary habit and they additionally consume vegetables and beans even during the palm-liquor season [34] . In this way, although both the Konso and Manon people take the fermented liquor as staple food, they also take nutrients from other food sources throughout the year.
The Dirashe people, on the other hand, drink as much as approximately 5 kg of parshot, on average, slowly over time in a day regardless of age and sex (excluding children in early teens or younger). Consuming a large quantity of fermented liquor enables them to take in about 3,400 kcal to 5,450 kcal of calories, about 85 g to 165 g of protein and about 2,500 mg to 4,650 mg of lysine, which almost fulfill the recommended daily intakes. The Dirashe people prefer drinking parshot to other types of liquor such as kalala and nech chaka because parshot has a moderate alcohol concentration, and thus has higher food safety, and is superior in flavour [19] .
Besides, the fermentation process of food induces yeast mashes and bacteria to break down and resynthesize fatty acid and amino acid, which improves nutritional value [36, 37] dissolves unnecessary components [36, 38] eliminates labor of food preparation [36] , and also facilitates portability owing to the reduced volume. This is also the case with parshot mainly made of sorghum and maize. Fermentation increases lysine content (mg), which functions as the first-limiting amino acid, and consequently improves nutritional value. Hence, the amino acid score directly related to the quality of protein is higher in parshot, kalala, and nech chaka than in sorghum, the main ingredient of these liquors ( Table 4 ).
As stated above, the Dirashe people maintain their health by drinking the fermented cereal liquor parshot, which can function as a total nutrition food, thus taking in various nutrients at more than the recommended amount. Why has such a food culture developed, ISSN: 2332-4104 which is almost entirely dependent on fermented cereal liquor for nutritional intake? The annual rainfall in the Dirashe area is only up to 800 mm on average, with two rainy seasons. While the rainfall in the first rainy season from February to July is about 500 mm, it is only about 280 mm in the second rainy season from August to November. Furthermore, the rainfall is not stable in each season and often falls below the average except for a year of rich precipitation that comes once every several years. In addition to a shortage of rainfall, insect-mediated damage also severely affects agriculture in the area. Therefore, according to the local people, it is difficult to grow vegetables and beans that require a stable water supply. In this semiarid land, it is also difficult to provide sufficient amount of grass or plants to raise livestock such as goats and cattle, which can be a source of protein. According to an ancient local tradition that an elderly told the author, they started to cultivate sorghum, with high adaptability to the environment and disease resistance, as a staple crop since the 16 th century when their ancestral Omoro people migrated and settled in the area. They have been cultivating maize only for the past few decades.
In the neighbouring areas, the aforementioned Konso people consume sorghum liquor as staple food and the Borana people drink sorghum liquor as a luxury item, both has descended from the Omoro tribe. Similarities are observed in brewing methods employed by the Dirashe people and these ethnic groups. It is very likely that the Dirashe people have developed a food culture to consume sorghum liquor as a staple food, which they had consumed as an alcoholic beverage in the past, because it was difficult to grow crops other than sorghum in the area in which they had lived for several hundred years. They manage to improve the nutritional value of sorghum by alcoholic fermentation and keep alcoholic concentration relatively low by lactic acid fermentation [19] . Owing to the low alcoholic concentration; they can consume parshot in large quantities even though spending a long time and as a result, partake the necessary amount of various nutrients.
When it comes to the issues related to health and food, we often think improving a production capacity or having a well-balanced meal as a solution. Nevertheless, the food culture of the Dirashe people, which is to consume fermented alcoholic beverage made only of sorghum and maize as a staple food and total nutrition food, not only provides us with an opportunity to investigate how human beings spread to areas where it is apparently impossible to survive, but also proposes a potential for a new food culture.
